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c ]Dft;taace between plntes or thktmess of the f loId  layer 

MU Nasselt Number 
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The order of the marglnally &&le mode h the Malkus thecsy 

P r  P3:mdtl number 

Ra Tcayle?.gh number 

T Absolute Temperature 
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EXJ e r ~ h e ~ d a l  Procedure 
L-. _-=__------ - -- .- 

The f,wit,Pal a!,gmnent. procfi:5ure~ of the Marh- Zenxder kt'?:rfero- 

meter are stanrj--.rd, 

and Soehngm illt, 

They a r e  descr'ibed Fa the report by EckcTi,, Drake. 

A f t e r  the initial albgament of the fnterferometer, the test s 

is put int2  the b a s t  arm of the interferometer for fine alPgttmeBt of the 

test seet~bm wth the Intarferomefer, 

c m  focal leegth lens is used both to vLew and to record the i&atferogpams.. 

A minus 3 and a minus 1 auxiliary lens are used to focus the Images om 

the carnerd s c m e ~ , .  

located in the focal plane of ?he hterfercmeter. 

to  the piws through the test  section window whJe the camera is behg  

focused 

A Ngkon 35 mrn carnerd w$,i:h loe 5 

The camera $ 5  focused on. the reference pfns which dre 

A white  light is d:'.re?cted 
- - - .. - .- __ - - . - .. - - - .. . . 

The final alHgment 5.8 to make the t e s t  plates horhontdl ar.d fo 

adjust the relative position of the interferometer and the t e s t  sect io:~~~ 

so that the ILLEterferometrXe light beam is parallel to the cea€ral axes of 

t h e t e s t  section. 

parallel to 

beam. 

bottom pldte" The ce"ntra1 axis i s  parallel to  the vertlcal plane when the 

:.mag&$ of the two  pins cahcide on the camera scrwe:ti, 

aligned ho rhan t~ l ly  3y 

First, the central axis of the test charnbcr is adjusted 

vertical plane coatalnhg rays of the hterferometrfc  light 

Two p h s  are taped at midpoht of each of the width s ldes  s f  the 

The plates dre the.,; 

prec5sic.n :ecsl. The 1 ght beam 'is made prall*: l  





the E M F  output. sf the thermopiles in the t w o  plates. 

Xodctk Panztomfc-x 35 M Z ~  film is used to record all izlterfero-g:.I.r??s. 

A pies-’ of plastic vellum reduces the light intensity of the met.cury lam&. 

The fffect of the vellum is about the same as a 10% neutral density filter 

for the green Light., The acposure time is 90 seconds wtth the shutter fuily 

o;-ra, 

t,i.ne exposures. 

asually sufficient to obtain an average of the flncteattng fringe ptter!r of 

ttirbulea&cor.ivect.Ec.m. For the runs on the onset of convection, 10 second 

exposures withozt the plastic vellum are used, Three  to  five ‘ r terfero-  

grams are taken for each temperature dXferecce .  

differences are used for each run. 

to develop the films, 

An ddditkmdl 25% natural density filter is used for tcakfag 5-minute 

It Cs focad, however,, that 90 secu3v.j t h e  exp0sui-c is 

T w o  to f ivz temperature 

Acilfine f3e  grain de7;elope-r ‘ s  uscd 



CHAPTER TT7 

RESULTS AND CESCUSSZQN 

I, Turbulent Regime 

A, Heat Travsfar Results 

The tnajojcHty of the data are taken at t w o  plats 8p&@fngS. 

The followhg table summarizes the ra:r,ge of the data tatceue: 

The hedt trassfer coefftcie.3ts dre calculated by asisrg FaurierPC 

l a w  of conduction at the wall. The slcype of the temperature dhtributicn 

at the wall %B obtained by d least square strafght 1 k . e  fit; of data pobts  s e n  

the Wdll. The Bnme computer program also calculates the Nusselt sumber 

dmd the Rdyleigh num.ber for each r ~ m ,  

Nusselt nuxnbers ar.d Rayletgh numbers are correlated i~ t w o  W J . J T S ~  

6 For high Rayleigh numbers (Ra > 1.5 x IO 

data well. The best fit ie 

one-third power 1 d W  fits the 

ii :. 6 NU 0.067 fRd) i'3 R n  > 1.5 x LO 

e *  
The standard deviation of data points from ejuatfoa '(1; is 4 0 ? 7 ~ -  The best 

fit through the whole razige of the data gives 



If m e  uses the usually assumed one th i rd  power l a w  over the whole 

. ange of R d , ,  the correlation is 

t / 3  Nu = G .  069 QRa) , 3 j  

Eiuatfoss (2) irnd (31 give results within 5% En the whole data range, 

The heat transfer correlations dre plotted in Fig- 3 and Fig 4, The 

standard deviation of the data points from ejuatSoaP ‘2) te  3 5% whereas 

for equation 93BP it is 5 -  3% 

The recent experiment by Glabe and Cropkfn 74). u s h g  water acid 

s i lkone  031 a8 working fluids, yfelds exactly the sdme results a s  e iu&t.torr, 

(3) when the Pr of air is ~ 6 e d  ia their correlatim? In S l l v e ~ t o n ~ s  summary 

(5j1 of all the avdftldble existing data for the heating from below problem, 

the Nusselt number i s  given a s  

0 

Nu = 0.104 (Ra) *0305 (-3 0.084 i4j 

Shce the exponent Is different from the present experiment, e uatlon (4” ?s 

plotted together with the present result ta Fig. 4 for comparison, They are 

in very good agreement.. 

B. Temperature Distribution in the FluZd Layer 

Because of the restricted dimension of the  field of v i e w  of 

the Bnterferometeg only the lower part of the  temperature fieid is evaluated 

with the present spacings, A typkdl dtterferograrn La showrn En Fig 5 A 

typical temperature distrfbtatPon lm the form of 9 versus z / l )  Es plattel i~ 

F.;g.. 6 ,  The profJe has the gell era1 Shape that w e  would expect, A steep 

gradhnt exists near the wall ar d dec.,-cases d s  0 7  c gees fu r the r  c’ato the 

fluid F5aaliyn the flu:d appears to renclh the c e y t e r  line t e m p e r a t u r e  



and 



through a porticn of the curvso But it Is not possEble at all ''0 fzt m y  pa-r 

of the data ?o the z 
c 11(3 

law proposed by Priestlay, 



Some of the temperature distributions in the present experiment 

coordinates for comparison w .th 
z and - z 

L ~ T  /TF 

@O 

2 

0 

are put into the 

Townsend's data, Figo 9. The general trend is the same; howeverD 

the present data show a much faster drop of temperature outside of the 

boundary layer., Part of the discrepancy probably comes from TownseHides 

uncertainty about the ambient temperature, The outside ais current may 

also have some effect on his opea box appaxatue. 

XI, The Onset of Convection 

For gases the fringe shift and temperature follow almost exactly 

a straight line relation, Therefore, in the conduction regime where. the 

temperature distribution is linear, the fringes are straight, 

startso the fringes etart to bend, The fringes wiLl bend more and more as 

the Rayleigh number increaseso One can define the deviation of d fringe 

from a straight line at the wall as A- If one plots A vso the Rayleigh numberL: 

When convection 

the poht where A becomes zero would be the point of the onset of convection, 

Since data are taken near the critical Rayleigh numberp d least square 

rtraight line f i t  is used to extrapolate back to the critical Rayleigh number. 

Two series of runs have been made to f i n d  the cri t ical  Rayleigh 

number, The t w o  series of runs give resul ts  of Ra = 1783 a d  Rac = 1777. 

The result of one of the runs is shown in Fig, 8 ,  

C 

Taking an average of the t w o  runss the critical Raylaigh number 

ie found to be 1783, The error is estimated to be *60. This is in close 

agreement with  the assult of Thompson and Sogiaa, Ra = 1793 f 80 #{16ju 
C 

Their work is the only accurate measurrernerek using gases as  working fluids,. 
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CHAPTER L V  

CONCLUDING REM AR KS 

From the present experbent the followbg co9clusio:ts cart be 

drawn: 

1. The critical Rayleigh number for the onset of comectios ;P 

d harizoutal air layer heated from below wlth rigid- rigid isothermal 

boundary conditions is experimentally f a m d  Do be Rd 

The result is h. very good agreememb w5th recently reported resultso It 

{s also in reasonable agreement wfth the theoret3cal value of 1708. 

= 1763 * 6 0 .  
c: 

The heat transfer by free convection h .a horizoGta1 air layer 

5 6 and 6 x 10 for Rdyleigh numbers between 6 x 10 can be correlated as 

0.268 Nu = 0.1777 IRd] 

a One uses the usually assumed one-thlrd power l a w  over the whole range 

of Ra, the correlation ie  

6 For high Raytejgh mumbere 43a s I ,  5 x 10 B q  ore-.thF:rd powey law fit5 the 

data well, The best fft is 
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FIG. 5 T U R B U L E N T  F R E E  C O N V E C T I O N  

I N T E R P L A T E  T E M P E R A T U R E  = 9.76Oc 

P L A T E  SPACING = 17.15 cm 

RAYLEIGH NUMBER = 4 . 3 9  x 10 6 
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FIG 7 .  TEMPERATURE DISTRIBUTION IN A HORIZONTAL 
AIR LAYER (from bottom surface toward center) 

The line marked M indicates the range of application 
of the z 

temperature distribution from Malkus' Theory. 

-1 
power law, The dashed line is the theoretical 
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